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CLAIMS 



(57) [Claim(s)] 

[Claim 1] As opposed to a laser beam to which outgoing radiation of the luminescence side was carried out from a 
source of laser luminescence which has a longitudinal direction and the direction of a short hand After collimating 
the 2nd direction component of a beam which met in the direction of a short hand of a luminescence side almost in 
parallel While making the inside of each light guide plate transmit where it carried out incidence to an optical-path 
division element which installed two or more light guide plates in the 1st direction which met a longitudinal direction 
of a luminescence side in this beam and the 1st direction component of a beam is divided While outgoing radiation is 
carried out from each light guide plate where displacement of each division beam is carried out by predetermined 
width of face in the 2nd direction, and carrying out incidence of each of this division beam to an optical-path 
modification element which installed two or more light guide plates in the 2nd direction An amendment method of a 
laser beam characterized by condensing each division beam which was made to carry out and change outgoing 
radiation into the condition of having made an optical path of the 1 st direction component changing within each light 
guide plate, and having piled up each division beam in the outgoing radiation side edge section, and carried out 
outgoing radiation from this optical-path modification element. 

[Claim 2] Said optical-path modification element and an optical-path modification element are the amendment 
method of a laser beam indicated to claim 1 which acquired said optical path of each division beam by setup 
[ which / of whenever / in each light guide plate / incident angle /, an outgoing radiation angle, an outgoing radiation 
location, or a refractive index ]. 

[Claim 3] A compensator of a laser beam by which it was characterized characterized by providing the following A 
collimation element for which a luminescence side collimates the 2nd direction component which met in thesis. r*i: 
direction of a short hand of a luminescence side to a laser beam by which outgoing radiation is carried out from a 
source of laser luminescence which has a longitudinal direction and the direction of a short hand almost in parallel 
An optical-path division element which installed two or more light guide plates in the 1 st direction that outgoing 
radiation of each division beam should be carried out where displacement is carried out by predetermined width of 
face in the 2nd direction while making the inside of each light guide plate transmit where the 1st direction 
component in alignment with a longitudinal direction of a luminescence side is divided An optical-path modification 
element which installed two or more light guide plates in the 2nd direction that outgoing radiation should be carried 
out and carried out to the condition of having made an optical path of the 1 st direction component of each division 
beam changing, and having piled up in the outgoing radiation side edge section A condensing element which 
condenses each division beam which carried out outgoing radiation from an optical-path modification element 
[Claim 4] Said optical-path division element and an optical-path modification element are the compensator of a 
laser beam indicated to claim 3 which consisted of each light guide plate which made parallel an incidence side edge 
side and an outgoing radiation side edge side of a beam, and formed each light guide plate with a glass plate or an 
optical-crystal board. 

[Claim 5] One of elements is the compensators of a laser beam indicated to claim 4 of said optical-path division 
element and an optical-path modification element which was made to carry out displacement at a predetermined 
angle so that whenever [ incident angle ] may differ from an outgoing radiation angle one by one at least, and 
installed each light guide plate. 

[Claim 6] It is the compensator of a laser beam indicated to claim 5 which each light guide plate of an optical-path 
modification element could shift an angle on a field which is parallel to the 1st direction, respectively on a field 
where said optical-path division element and an optical-path modification element consist of each light guide plate 
of isomorphism which carried out the shape of a rectangle containing a parallelogram, and each light guide plate of 
an optical-path division element is parallel to the 2nd direction, and was arranged in the shape of a sector. 
[Claim 7] It is the compensator of a laser beam indicated to claim 4 which installed each light guide plate of said 
optical-path division element and an optical-path modification element into which length was changed so that one of 
elements at least might have whenever [ incident angle ], and a fixed outgoing radiation angle and outgoing radiation 
locations of a beam might differ one by one. 

[Claim 8] In a field top where said optical-path division element and an optical-path modification element consist of 
each light guide plate of the shape of a rectangle containing anc j each light guide plate of an optical- 

path division element is parallel to the 2nd direction It is the compensator of a laser beam indicated to claim 7 
arranged in the condition of having made an incidence side and an outgoing radiation side edge side inclining toward 
an outgoing radiation side at a predetermined angle on a field where each light guide plate of an optical-path 
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modification element is parallel to the 1st direction while arranging an incidence side and an outgoing radiation side 
edge side in the condition of having made a predetermined angle inclining toward an incidence side. 
[Claim 9] It is the compensator of a laser beam indicated to claim 4 which installed each light guide plate of said 
optical-path division element and an optical-path modification element into which a refractive index was changed so 
that one of elements at least might have whenever [ incident angle ], and a fixed outgoing radiation angle and 
refractive indexes of a beam might differ one by one. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] Especially this invention can use an un-round shape [ like the laser 
beam which made it generate from semiconductor laser ] shape [ of an ellipse which spread in one side ] laser beam 
about the amendment method of a laser beam and equipment which are amended so that it can condense to the 
minor diameter circle configuration beam spot with an easy and cheap means in science study research, micro laser 
processing, platemaking, medicine, and other various fields as the light source for excitation of semiconductor laser 
excitation solid state laser etc. 
[0002] 

[Description of the Prior Art] Except for a special use, generally, this kind of laser beam is easy to condense, and it 
needs to use it as the beam of high density. When it is desirable for the beam spot to be a minor diameter if possible 
in a circle configuration for that purpose, for example, it excites solid state laser by making the laser beam of high 
power semiconductor laser into excitation light If it is made to condense by the beam spot equal to the oscillation 
light of solid state laser whose laser beam which carries out incidence from the medium end face of solid state laser 
is high density It is optical high conversion efficiency, and generally it is known that a good oscillation output beam 
will be obtained, and it is desirable to make a laser beam condense for that purpose by the beam spot which carried 
out the circle configuration of hundreds of micrometers in the inside of laser data medium. • - r ^ 

[0003] However, the luminescence side of the semiconductor laser called the laser diode bar which made many light 
emitting devices juxtaposition, for example To one side by long (at the semiconductor laser of 10 - 20W output; : 
' luminescence' length is 10mm) one with short (for example, luminescence length is 1 micrometer) ** and another : v ! 
side Although the direction component of a short hand can be easily condensed in the small diameter of PIMU ' * 
(dozens of micrometers or less) when the beam spot of the laser beam by which outgoing radiation is carried out ** 1 
from a luminescence side becomes ellipse-like and it makes the desired beam spot condense this laser beam By the 
usual optical condensing method which combined the cylindrical lens, the spherical lens, the aspheric lens, etc. to 
the longitudinal direction component, it is very difficult to extract small and it will become the diameter of PIMU 
which is about 3mm. 

[0004] In addition, although the following explanation explains the case where a longitudinal direction is used in the 
leveled condition, i.e., the condition that the 2nd direction where the 1st direction in alignment with the longitudinal 
direction of a luminescence side met in the direction of a short hand in the horizontal plane considered as the 
vertical plane, so that the luminescence side of said semiconductor laser may become oblong For example, 
horizontal luminescence length is unable to condense a 10mm beam below to Immphi from the aforementioned 
reason. Therefore, if about [ that it is hard to acquire optical high conversion efficiency ] and the beam spot 
becomes ellipse-like when it uses for semiconductor laser excitation solid state laser, an oscillation output beam will 
also become ellipse-like and the laser beam of high quality will not be obtained. 

[0005] As one of the means to solve said technical problem, there is the end— face excitation method using the 
optical-fiber bunch currently indicated by JP.5-93828.A etc. By this method, output radiation of semiconductor 
laser for the collimation element made parallel With the collimate lens which combined the optical-fiber bunch of a 
large number (the light emitting device and the same number of semiconductor laser) to which the end side was 
horizontally installed in the state of separation, and the other end side banded together in the circle configuration, 
and was made to approach the luminescence side of said semiconductor laser If outgoing radiation is carried out 
from the other end side which was made to carry out incidence and banded together from the end side of the 
optical-fiber bunch which installed this outgoing radiation light after condensing perpendicularly first and collimating 
in parallel the outgoing radiation light from each light emitting device which constitutes a diode bar As for a laser 
beam, the small beam spot of a path is obtained in the circle configuration by which the beam of a horizontal 
direction and a perpendicular direction was equalized. 

[0006] In condensing by said end-face excitation method, if it is used for diameter 10mm(15 degrees of angles of 
divergence) x1 micrometer (50 degrees of angles of divergence) semiconductor laser combining an optical-fiber 
bunch, for example If outgoing radiation of the laser beam is carried out from the field of the diameter of 600 
micrometer by 23 degree [ of angles of divergence ] = (numerical aperture NA=0.2), for example, this laser beam is 
made to condense with the aspheric lens of numerical aperture NA=0.2 It can be made a beam with a circle 
configuration of about 600 micrometers, and condensing nature is remarkably improved compared with the horizontal 
beam diameter of about 6mm at the time of condensing only with the lens of numerical aperture NA=0.2 without 
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using an optical-fiber bunch. 

[0007] If two semiconductor laser (wavelength of 808nm) of output 20W is made into the excitation light source and 
the solid state laser using laser data-medium Nd:YV04 with an oscillation wavelength of 1064nm is incidentally 
irradiated through the condensing means by said end-face excitation method, about 50% of value is acquired as 
optical conversion efficiency from excitation light to oscillation light. 

[0008] Moreover, although the side excitation method which is made to ****** outgoing radiation light of 
semiconductor laser from the side of the laser medium which carried out the rod configuration, and excites it is also 
used so that perpendicular chisel condensing may be carried out as other means to improve the condensing nature 
of semiconductor laser, without making it condense horizontally Since a laser beam is absorbed also in portions 
other than the field of laser oscillation light by this method, compared with the end-face excitation method using 
said optical-fiber bunch, optical conversion efficiency length is low and, generally can expect only about 20% of 
optical conversion efficiency. 
[0009] 

[Problem(s) to be Solved by the Invention] Since the beam spot can be made into the circle configuration of a minor 
diameter according to the side excitation method using the former, i.e., the optical-fiber bunch, in a Prior art 
Although there is an advantage which can raise the optical conversion efficiency from excitation light to oscillation 
light when this laser beam is used for example, for the excitation light source for solid state laser If much costs and 
time amount are needed for manufacture of an optical-fiber bunch, for example, manufacture cost is compared 
about the semiconductor laser excitation light source of 20W class, manufacture cost will soar twice [ about ] by 
using said optical-fiber bunch. 
[0010] 
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TECHNICAL FIELD 



[A technical field to which invention belongs] Especially this invention can use an un-round shape [ like a laser beam 
which made it generate from semiconductor laser ] shape [ of an ellipse which spread in one side ] laser beam about 
an amendment method of a laser beam and equipment which are amended so that it can condense to the minor 
diameter circle configuration beam spot with an easy and cheap means in science study research, micro laser 
processing, platemaking, medicine, and other various fields as the light source for excitation of semiconductor laser 
excitation solid state laser etc. 
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PRIOR ART 



[Description of the Prior Art] Except for a special use, generally, this kind of laser beam is easy to condense, and it 
needs to use it as the beam of high density. When it is desirable for the beam spot to be a minor diameter if possible 
in a circle configuration for that purpose, for example, it excites solid state laser by making the laser beam of high 
power semiconductor laser into excitation light The laser beam which carries out incidence from the medium end 
face of solid state laser is high density, and if it is made to condense by the beam spot equal to the oscillation light 
of solid state laser, it is optical high conversion efficiency, and, generally it is known that a good oscillation output 
beam will be obtained. It is desirable to make a laser beam condense for that purpose by the beam spot which 
carried out the circle configuration of hundreds of micrometers in the inside of laser data medium. 
[0003] However, the luminescence side of the semiconductor laser called the laser diode bar which made many light 
emitting devices juxtaposition, for example, To one side by long (at the semiconductor laser of 10 - 20W output, 
luminescence length is 10mm) one with short (for example, luminescence length is 1 micrometer) ** and another 
side Although the direction component of a short hand can be easily condensed in the small diameter of PIMU 
(dozens of micrometers or less) when the beam spot of the laser beam by which outgoing radiation is carried out 
from a luminescence side becomes ellipse-like and it makes the desired beam spot condense this laser beam By the 
usual optical condensing method which combined the cylindrical lens, the spherical lens, the aspheric lens, etc. to 
the longitudinal direction component, it is very difficult to extract small and it will become the diameter of PIMU 
which is about 3mm. 

[0004] In addition, although the following explanation explains the case where a longitudinal direction is used in the 
leveled condition, i.e., the condition that the 2nd direction where the 1st direction in alignment with the longitudinal 
direction of a luminescence side met in the direction of a short hand in the horizontal plane considered as the 
vertical plane, so that the luminescence side of said semiconductor laser may become oblong, from the 
aforementioned reason, horizontal luminescence length is unable to condense a 10mm beam below to Immphi, for 
example, therefore it is boiled. If about [ that it is hard to acquire optical high conversion efficiency ] and the beam 
spot becomes ellipse-like when it uses for semiconductor laser excitation solid state laser, an oscillation output 
beam will also become ellipse-like and the laser beam of high quality will not be obtained. 

[0005] As one of the means to solve said technical problem, there is the end-face excitation method using the 
optical-fiber bunch currently indicated by JP.5-93828.A etc. By this method, output radiation of semiconductor 
laser for the collimation element made parallel The collimate lens which combined the optical-fiber bunch of a large 
number (the light emitting device and the same number of semiconductor laser) to which the end side was 
horizontally installed in the state of separation, and the other end side banded together in the circle configuration, 
and was made to approach the luminescence side of said semiconductor laser If outgoing radiation is carried out 
from the other end side which was made to carry out incidence and banded together from the end side of the 
optical-fiber bunch which installed this outgoing radiation light after condensing perpendicularly first and collimating 
in parallel the outgoing radiation light from each light emitting device which constitutes a diode bar, as for a laser 
beam, the small beam spot of a path will be obtained in the circle configuration by which the beam of a horizontal 
direction and a perpendicular direction was equalized. 

[0006] If it is used for diameter 10mm(15 degrees of angles of divergence) x1 micrometer (50 degrees of angles of 
divergence) semiconductor laser in condensing by said end-face excitation method combining an optical-fiber 
bunch, for example, If outgoing radiation of the laser beam is carried out from the field of the diameter of 600 
micrometer by 23 degree [ of angles of divergence ] = (numerical aperture NA=0.2), for example, this laser beam is 
made to condense with the aspheric lens of numerical aperture NA=0.2, it can be made a beam with a circle 
configuration of about 600 micrometers, and condensing nature will be remarkably improved compared with the 
horizontal beam diameter of about 6mm at the time of condensing only with the lens of numerical aperture NA=0.2 
without using an opticalHlber bunch. 

[0007] If two semiconductor laser (wavelength of 808nm) of output 20W is made into the excitation light source and 
the solid state laser using laser data-medium Nd:YV04 with an oscillation wavelength of 1064nm is incidentally 
irradiated through the condensing means by said end-face excitation method, about 50% of value is acquired as 
optical conversion efficiency from excitation light to oscillation light. 

[0008] Moreover, horizontally, perpendicular chisel condensing is carried out as other means to improve the 
condensing nature of semiconductor laser, without making it condense, Although the side excitation method which is 
made to ****** outgoing radiation light of semiconductor laser from the side of the laser medium which carried out 
the rod configuration, and excites it is also used, since a laser beam is absorbed also in portions other than the field 
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of laser oscillation light by this method, compared with the end face excitation method using said optical fiber bunch, 
optical conversion efficiency length is low and, generally can expect only about 20% of optical conversion efficiency. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] With the amendment method and equipment of a laser beam according to this invention so 
that clearly [ the above explanation ] While narrowing beam width by condensing after changing into the condition of 
having once divided the longitudinal direction component of a laser beam, using the optical-path division element 
and optical-path modification element which installed two or more light guide plates, if attached to the direction 
component of a short hand of a laser beam with beam width narrow from the first, it is making some breadth permit, 
and can perform easily making it the beam spot of the small circle configuration of a path. Therefore, if this 
invention is applied to the semiconductor laser excitation light source for solid state laser, exciting with optical high 
conversion efficiency will be possible, and the oscillation output beam of high quality will be obtained. 
[0059] Moreover, an expensive means is not needed for the achievement like the conventional technology which 
used the optical-fiber bunch, but it can provide cheaply by setting each light guide plate as an array or a 
configuration, predetermined length, or a predetermined refractive index, and installing it using the optical crystal 
which processed a glass plate or tabular into the light guide plate which constitutes an optical-path division element 
and an optical-path modification element. 

[0060] If the light guide plate of an optical-path division element and an optical-path modification element is 
especially constituted like the 1st operation gestalt, and only the array which carries out a laminating is set as a 
request, it is isomorphous, and since the thing of this quality of the material can be mass-produced and used, 
providing cheaply is possible. » 
[0061] Moreover, if the light guide plate of an optical-path division element and an optical-path modification element 
is constituted like the 2nd operation gestalt, since the thing of this quality of the material can be mass-produced 
and it can be cut and used for the desired length, providing cheaply is possible. 

[0062] Furthermore, it is possible for assembly cost to become cheap although material cost becomes expensive 
somewhat compared with before 2 person, since it can be used carrying out the laminating of the thing of 
isomorphism as it is if the light guide plate of an optical-path division element and optical-path modification element 
is constituted like the operation gestalt of ** a 3rd and only a refractive index will be set as a request, and to 
provide cheaply as the whole. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] Since the beam spot can be made into the circle configuration of a minor 
diameter according to the side excitation method using the former, i.e., the optical-fiber bunch, in a Prior art 
Although there is an advantage which can raise the optical conversion efficiency from excitation light to oscillation 
light when this laser beam is used for example, for the excitation light source for solid state laser If much costs and 
time amount are needed for manufacture of an optical-fiber bunch, for example, manufacture cost is compared 
about the semiconductor laser excitation light source of 20W class, manufacture cost will soar twice [ about ] by 
using said optical-fiber bunch. 

[0010] Moreover, according to the side excitation method of not performing, the latter, i.e., horizontal condensing, in 
a Prior art, there is an advantage which manufacture cost can be cheap and can carry out simple, but the loss by 
said absorption cannot expect optical conversion efficiency and high. 

[001 1] so, in this invention, like the laser beam by which outgoing radiation was carried out, for example from 
semiconductor laser Perform optical amendment to an un-round shape laser beam, and the small beam spot of the 
path which carried out the circle configuration is obtained. For example, when it is used for the excitation light 
source for solid state laser, while raising the optical conversion efficiency from excitation light to oscillation light and 
obtaining a good oscillation output beam, it aims at the amendment method of a laser beam and equipment which 
have been improved so that the achievement means can provide comparatively cheaply. 
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MEANS 



[Means for Solving the Problem] In order to solve the technical problem, by amendment method of a laser beam by 
this invention As opposed to a laser beam to which outgoing radiation of the luminescence side was carried out from 
a source of laser luminescence which has a longitudinal direction and the direction of a short hand After collimating 
the 2nd direction component of a beam which met in the direction of a short hand of a luminescence side almost in 
parallel While making the inside of each light guide plate transmit where it carried out incidence to an optical-path 
division element which installed two or more light guide plates in the 1st direction which met a longitudinal direction 
of a luminescence side in this beam and the 1st direction component of a beam is divided While outgoing radiation is 
carried out from each light guide plate where displacement of each division beam is carried out by predetermined 
width of face in the 2nd direction, and carrying out incidence of each of this division beam to an optical-path 
modification element which installed two or more light guide plates in the 2nd direction It was made to condense 
each division beam which was made to carry out and change outgoing radiation into the condition of having made an 
optical path of the 1 st direction component changing within each light guide plate, and having piled up each division 
beam in the outgoing radiation side edge section, and carried out outgoing radiation from this optical-path 
modification element. 

[0013] In an amendment method of said laser beam, said optical-path modification element and an optical-path 
modification element can acquire said optical path of each division beam by setup [ which / of whenever / in each 
light guide plate / incident angle /, an outgoing radiation angle, an outgoing radiation location, or a refractive index ]. 
[0014] A collimation element for which a luminescence side collrmates the 2nd direction component which met in 
the direction of a short hand of a luminescence side to a laser beam by which outgoing radiation is carried out from 
a source of laser luminescence which has a longitudinal direction and the direction of a short hand almost in parallel 
in a compensator of a laser beam by this invention, While making the inside of each light guide plate transmit where 
the 1st direction component in alignment with a longitudinal direction of a luminescence side is divided An optical- 
path division element which installed two or more light guide plates in the 1 st direction that outgoing radiation of 
each division beam should be carried out where displacement is carried out by predetermined width of face in the 
2nd direction, An optical-path modification element which installed two or more light guide plates in the 2nd 
direction, and a condensing element which condenses each division beam which carried out outgoing radiation from 
an optical-path modification element are provided that outgoing radiation should be carried out and carried out to 
the condition of having made an optical path of the 1 st direction component of each division beam changing, and 
having piled up in the outgoing radiation side edge section. 

[0015] In a compensator of said laser beam, said optical-path division element and an optical-path modification 
element can acquire said optical path of each division beam by forming each light guide plate which made parallel an 
incidence side edge side and an outgoing radiation side edge side of a beam with a glass plate or an optical-crystal 
board. 

[0016] At least as one of elements, although a thing of a mode of said optical-path division element and an optical- 
path modification element which was made to carry out displacement at a predetermined angle, and installed each 
light guide plate so that whenever [ incident angle ] might differ from an outgoing radiation angle one by one can be 
used In this case, an optical-path division element and an optical-path modification element which can be set It can 
constitute from each light guide plate of isomorphism which carried out the shape of a rectangle containing a 
parallelogram, and each light guide plate of an optical-path modification element can shift an angle on a field which 
is parallel to the 1st direction, respectively on a field where each light guide plate of an optical-path division element 
is parallel to the 2nd direction, and it can arrange in the shape of a sector, and can carry out. 
[001 7] Moreover, at least, as one of elements, although a thing of a mode which installed each light guide plate of 
said optical-path division element and an optical-path modification element into which length was changed so that 
whenever [ incident angle ], and an outgoing radiation angle might be fixed and outgoing radiation locations of a 
beam might differ one by one can also be used In this case, an optical-path division element and an optical-path 
modification element which can be set Constitute from each light guide plate which carried out the shape of a 
rectangle containing a parallelogram, and while arranging each light guide plate of an optical-path division element in 
the condition of having made an incidence side and an outgoing radiation side edge side inclining toward an 
incidence side at a predetermined angle on a field which is parallel to the 2nd direction Each light guide plate of an 
optical-path modification element can arrange and carry out an incidence side and an outgoing radiation side edge 
side in the condition of having made a predetermined angle inclining toward an outgoing radiation side, on a field 
which is parallel to the 1 st direction. 
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[0018] Furthermore, at least, as one of elements, although a thing of a mode which installed each light guide plate of 
said optical-path division element and an optical-path modification element into which a refractive index was 
changed so that whenever [ incident angle ], and an outgoing radiation angle might be fixed and refractive indexes of 
a beam might differ one by one can also be used In this case, said optical-path division element and an optical-path 
modification element which can be set Constitute from each light guide plate of isomorphism which carried out the 
shape of a rectangle containing a parallelogram, and while arranging each light guide plate of an optical-path division 
element in the condition of having made an incidence side and an outgoing radiation side edge side inclining toward 
an outgoing radiation side at a predetermined angle on a field which is parallel to the 2nd direction Each light guide 
plate of an optical-path modification element can arrange and carry out an incidence side and an outgoing radiation 
side edge side in the condition of having made a predetermined angle inclining toward an incidence side, on a field 
which is parallel to the 1 st direction. 
. [0019] A means to carry out total reflection of the laser beam by front reverse side both sides of each light guide 
plate, and to restrict an optical path of a division beam is given, and few air spaces are prepared between each light 
guide plate as this optical-path limit means, or an optical-path division element in a compensator of said laser beam 
was coated with a metal membrane or a dielectric film. 

[0020] In addition, there is not only a mode that uses a thing of a configuration similarly as said optical-path division 
element and an optical-path modification element but a mode used combining a thing of a configuration of having 
differed. 
[0021] 

[Embodiment of the Invention] Below, it is attached to the amendment method of a laser beam and equipment by 
this invention, and drawing 1 -5 attached explain in detail based on the suitable operation gestalt applied to the 
excitation light source for solid state laser which used semiconductor laser. 

[0022] Although a plan shows (a) and (b) shows the basic configuration of the amendment method by the 1 st 
operation gestalt, and equipment with front view by drawing 1 , respectively Semiconductor laser 1, the coilimation 
element 2, the optical-path division element 3, the optical-path modification element 4, and the condensing element 
5 are used for this 1st operation gestalt, and the semiconductor laser 1 which is a source of laser luminescence is 
used for it in the condition of having made the longitudinal direction of a luminescence side extending horizontally, 
and having arranged rt. 

[0023] The so-called diode laser bar which equipped semiconductor laser 1 with the oblong luminescence side which 
installed many diode laser light emitting devices horizontally is used. For the coilimation element 2 The fiber lens or . 
cylindrical lens formed in the shape of a cylinder is used oblong. As opposed to the laser beam to which it has 
arranged in the shape of opposite in the condition of having made the coilimation element 2 approaching the * 
luminescence side of semiconductor laser 1 , and outgoing radiation of this coilimation element 2 was carried out 
from semiconductor laser 1 The laser beam by which outgoing radiation was carried out [ of the perpendicular 
direction component, i.e., a luminescence side, ] with breadth from the short hand is collimated almost in parallel, 
and outgoing radiation is carried out to the optical-path division element 3 side. 

[0024] The optical-path division element 3 arranges the light guide plate 3-1 which carried out the shape of a 
rectangle of two or more sheets ( drawing 1 three sheets) formed with the optical crystal into which it processed 
glass plates, such as optical glass and quartz glass, or tabular, 3-2, and 3-3 in the shape of side-by-side installation. 
Incidence of the horizontal component of the laser beam by which the perpendicular direction component was 
collimated, i.e., the laser beam by which outgoing radiation was carried out with breadth from the longitudinal 
direction of a luminescence side, is carried out in the condition of having divided into each light guide plate 3-1, 3-2, 
and 3-3. A division laser beam turns to the optical-path modification element 4 side the inside of the optical path 
regulated with each light guide plate, and he is trying to be transmitted, respectively. 

[0025] The optical-path division element 3 meets horizontally, and installs each light guide plate 3-1 which extends 
perpendicularly that it should correspond to the broad horizontal component of a laser beam, 3-2, and 3-3. And 
while it installs on a vertical plane where displacement of the angle is carried out to the shape of a sector one by 
one so that whenever [ incident angle / of the laser beam to the incidence side edge side of each light guide plate ] 
may differ, respectively, and both sides of each light guide plate are ground so that light may not reflect irregularly 
[ whether it installs, where the crevice more than a wavelength gap (air space) is prepared so that the division laser 
beam which passes each light guide plate may carry out total reflection in a side-by-side installation interface, and ] 
Giving the reflector by the metal membrane or the dielectric film at least to one side of a light guide plate, each light 
guide plate lessens the reflective loss further by grinding the incidence side edge side and outgoing radiation side 
edge side of a laser beam, respectively, and giving an antireflection film. 

[0026] Therefore, although the division laser beam by which incidence was carried out to each light guide plate 3-1 
of the optical-path division element 3, 3-2, and 3-3 is transmitted towards the optical-path modification element 4 
side, respectively while a horizontal component carries out total reflection of the inside of the narrow optical path 
restricted by the thickness width of face of each light guide plate Since outgoing radiation of the division laser beam 
which the perpendicular direction component was transmitted receiving optical-path change perpendicularly within 
each light guide plate, and passed each light guide plate will be carried out in the condition of having distributed in 
height which is different to a perpendicular direction, respectively This distribution is lessened, whenever [ said 
displacement angle / of each light guide plate to install ] is set up beforehand, and outgoing radiation is made to be 
carried out by the collimated beam of the predetermined width of face which suits each light guide plate of the 
optical-path modification element 4 so that the degree with which each division laser beam is perpendicular and 
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which it does not overlap may be approached. 

[0027] Although incidence of the division laser beam which passed each light guide plate 3-1 of the optical-path 
division element 3, 3-2, and 3-3 is carried out to the optical-path modification element 4 arranged in the latter part, 
respectively This optical-path modification element 4 arranges the light guide plate 4-1 which carried out the shape 
of a rectangle of two or more sheets ( drawing 1 three sheets) formed with the optical crystal into which it 
processed glass plates, such as optical glass and quartz glass, or tabular like the optical-path division element 3 of 
the preceding paragraph, 4-2, and 4-3 in the shape of side-by-side installation. Each light guide plate 4-1 which 
extends horizontally that it should correspond after 90 degrees has rotated with each light guide plate of the 
optical-path division element 3 (i.e., a division laser beam), 4-2, and 4-3 are installed along a perpendicular direction. 
And on the horizontal plane, where displacement of the angle is carried out to the shape of a sector one by one, it is 
installed, so that whenever [ incident angle / of the division laser beam to the incidence side edge side of each light 
guide plate ] may differ, respectively. 

[0028] Therefore, although transmitted incidence of the division laser beam which passed each perpendicular light 
guide plate 3-1 of the optical-path division element 3, 3-2, and 3-3 being carried out to each level light guide plate 
4-1 of the optical-path modification element 4, 4-2, and 4-3, respectively, and receiving optical-path change 
horizontally within each light guide plate of the optical-path modification element 4 concerned In order to make easy 
condensing by the condensing element 5 prepared in the latter part of the optical-path modification element 4, 
whenever [ displacement angle / of each light guide plate to install ] is beforehand set up so that the division laser 
beam which passed each light guide plate may be horizontal in an outgoing radiation side edge side and may overlap. 
[0029] In addition, since there is not necessarily no need of preparing an air space between each light guide plate 
like [ in the case of the optical-path modification element 3 ], or performing coating, such as a metal membrane and 
a dielectric film, to a surface of light-guard plate, and carrying out total reflection since there are very few amounts 
to which, as for the angle of divergence of the perpendicular direction component in each light guide plate of the 
optical-path modification element 4, a laser beam is equivalent to ** and vertical both sides of a light guide plate 
generally and small «0.5 degree), it is also omissible. 

[0030] Although outgoing radiation of the laser beam which passed each light guide plate of the optical-path 
modification element 4 is carried out towards the condensing element 5 prepared in the latter part This condensing 
element 5 has for example, cylindrical-lens 5a and aspheric lens 5b. Once making parallel outgoing radiation light 
from the optical-path modification element 4 by cylindrical-lens 5a A horizontal component and a perpendicular 
direction component are narrowed down by aspheric lens 5b, respectively- and it is condensed by Focus F, and the 
focal F location of a horizontal component and a perpendicular direction- component in that case is beforehand 
amended so that a gap may not arise by said cylindrical-lens 5a: h ^jr.pads y ^ - r,\.\ 
[0031] Since the substantial diameter of an incident beam of a horizontal! component to said condensing element 5 
is inversely proportional to the number of partitions (namely, the number.of light guide plates) and short Can make 
small the horizontal beam diameter when condensing with the condensing element 5 by the ratio to which the 
diameter of an incident beam became small, and the perpendicular direction component of a laser beam is received. 
Although some condensing nature of the perpendicular direction when a substantial outgoing radiation beam 
diameter becoming long where two or more division laser beams are perpendicularly located in a line, and condensing 
with the condensing element 5 is spoiled Since an angle of divergence is small and close to parallel light from the 
first, it will come out, if the number of partitions (namely, the number of light guide plates) is set below to the 
suitable value, and it does not become larger than the beam diameter of a horizontal component, and does not 
become a problem on practical use. 

[0032] For example, if it is made the parallelism (it is fully a possible value even if this uses a commercial collimation 
element.) of about 0.5 degrees by the collimation to a perpendicular direction component when the luminescence 
side of semiconductor laser 1 is 10mm(level) x1 micrometer (perpendicular), the beam diameter of a perpendicular 
direction component will not become [ the number of partitions of the horizontal component by the optical-path 
division element 3 ] a problem practically to 20 division (20 light guide plates are installed) degree. 
[0033] If this is fitted to the operation gestalt of drawing 1 using the light guide plate of three sheets as the optical- 
path division element 3 and an optical-path modification element 4, respectively and is described concretely About a 
horizontal component, a light guide plate 4-1 and the division laser beam which carried out outgoing radiation from 
4-3 lap with the division laser beam of a light guide plate 4-2. Since the horizontal beam diameter seen from the 
condensing element 5 side becomes the abbreviation 1/3 of the width of face of a light guide plate 4-2, and the 
width of face of a luminescence side [ in / it is almost equal and / the horizontal direction of semiconductor laser 
1 ], the original abbreviation 1/3 can be made to condense the horizontal beam diameter of a laser spot by the 
condensing element 5. 

[0034] Moreover, although it will be about 3 times the path which collimated immediately after carrying out outgoing 
radiation from semiconductor laser 1, since the original parallelism of the beam diameter of the perpendicularly 
outgoing radiation is carried out from each light guide plate of the optical-path division element 3 is generally 50 or 
more times good compared with a horizontal component, even if the condensing nature of a perpendicular direction 
component is somewhat spoiled by the optical-path division element 3, it does not pose a problem substantially. 
[0035] The optical-path division element 3 which divides and transmits the horizontal component of a laser beam 
with the 1st operation gestalt explained above, Although these the 1st and optical-path modification elements 3 and 
4 were constituted from a light guide plate which carried out the shape of two or more rectangle installed in the 
condition of having shifted to the flabellate form using the optical-path modification element 4 which piles up the 
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horizontal component of this division laser beam so that incident angles might differ Change length, or change the 
refractive index of each light guide plate, it is made for angle of refraction to differ, as it is made the same and the 
outgoing radiation locations from each light guide plate differ, and the incident angle to each light guide plate has 
other operation gestalten similarly operated with the 1st operation gestalt 

[0036] For example, length is changed so that the beam incident angle to each light guide plate of an optical-path 
division element and an optical-path modification element may be made equal in drawing 2 and the outgoing 
radiation locations from each light guide plate may differ. A plan shows (a) and (b) shows the basic configuration of 
the 2nd operation gestalt similarly operated with the 1st operation gestalt with front view, respectively. The 
semiconductor laser 1 same with this operation gestalt as the case of the 1st operation gestalt. While the 
collimation element 2 and the condensing element 5 are used, the optical-path division element 6 replaced with the 
optical-path division element 3 and the optical-path modification element 7 replaced with the optical-path 
modification element 4 are used, but detailed explanation is omitted if attached to the common semiconductor laser 

1, the collimation element 2, and the condensing element 5. 

[0037] The optical-path division element 6 each light guide plate 6-1 of two or more sheets ( drawing 2 three 
sheets) of the shape of a parallelogram which extends perpendicularly, 6-2, and 6-3 While changing an incidence 
side edge side into an alignment condition so that an incidence side edge side and an outgoing radiation side edge 
side may meet horizontally, and may install on a vertical plane in the mode which inclines in an incidence side and 
whenever [ incident angle / of the laser beam to the incidence side edge side of each light guide plate ] may 
become equal, respectively It is installed in the condition that change the length of each light guide plate 6-1, 6-2, 
and 6-3, and an outgoing radiation side edge side becomes stair-like so that outgoing radiation locations may differ 
one by one. 

[0038] Although transmitted towards the optical-path modification element 7 side by this, respectively, carrying out 
total reflection of the inside of the narrow optical path to which the horizontal component was restricted by the 
thickness width of face of each light guide plate, as for the division laser beam by which incidence was carried out 
to each light guide plate 6-1 of the optical-path division element 6, 6-2, and 6-3 Since outgoing radiation of the 
division laser beam which the perpendicular direction component was transmitted receiving optical-path change 
perpendicularly within each light guide plate, and passed each light guide plate will be carried out in height which is 
different to a perpendicular direction, respectively So that this distribution may be lessened and the degree with 
which each division laser beam is perpendicular in an outgoing radiation side edge side and which it does not overlap 
iir?3*-i'_ ;t : may be approached Whenever [ said tilt-angle / of the length of each light guide: plate to install, an incidence side 
a^riiGr-^ l edge side, and an. outgoing radiation side edge side ] is set up beforehand; and outgoing. radiation is made to be 
kv f carried out as a collimated beam of the predetermined width of face which suits each light guide* plate of the^ 
^.ftjuii'^i .optical -path mod ification element 7. .-v.- ■■-.-,»„•:«■ 

g. i , [0039] The optical-path modification element 7 each light guide plate 7-1: in the condition, i.e., the shape of a 

parallelogram which extends horizontally, that 90 degrees rotated with each light guide plate of the optical-path 
division element 6, 7-2, and 7-3 While changing an incidence side edge side into an alignment condition so that an 
incidence side edge side and an outgoing radiation side edge side may install along a perpendicular direction in the 
mode which inclines in an outgoing radiation side on a horizontal plane and whenever [ incident angle / of the laser 
beam to the incidence side edge side of each light guide plate ] may become equal, respectively It is installed in the 
condition that change the length of each light guide plate 7-1, 7-2, and 7-3, and an outgoing radiation side edge side 
becomes stair-like so that outgoing radiation locations may differ one by one. 

[0040] Although the division laser beam by which passed each light guide plate of the optical-path division element 
6, and incidence was carried out by this to each light guide plate 7-1 of the optical-path modification element 7, 7- 

2, and 7-3, respectively is transmitted receiving optical-path change horizontally within each light guide plate of the 
optical-path modification element 7 concerned In order to make easy condensing by the condensing element 5 
prepared in the latter part of the optical-path modification element 7, whenever [ tilt-angle / of each light guide 
plate to install ], and length are beforehand set up so that the division laser beam which passed each light guide 
plate may be horizontal in an outgoing radiation side edge side and may overlap. 

[0041] Furthermore, in drawing 4 , change the refractive index of each light guide plate of an optical-path division 
element and an optical-path modification element, and it is made for angle of refraction to differ. A plan shows (a) 
and (b) shows the basic configuration of the 3rd operation gestalt similarly operated with the 1 st operation gestalt 
with front view, respectively. The semiconductor laser 1 same with this operation gestalt as the case of the 1st 
operation gestalt, While the collimation element 2 and the condensing element 5 are used, the optical-path division 
element 8 replaced with the optical-path division element 3 and the optical-path modification element 9 replaced 
with the optical-path modification element 4 are used, but detailed explanation is omitted if attached to the common 
semiconductor laser 1, the collimation element 2, and the condensing element 5. 

[0042] The optical-path division element 8 each light guide plate 8-1 of two or more sheets ( drawing 2 three 
sheets) with which refractive indexes differ by the shape of a rectangle which extends perpendicularly, respectively, 
8-2, and 8-3 On a vertical plane, in the mode which sees from an incidence side and inclines at a predetermined 
angle (for example, 45 degrees) in the shape of an elevation angle, an incidence side edge side and an outgoing 
radiation side edge side meet horizontally, and install. And while changing an incidence side edge side into an 
alignment condition and being installed so that whenever [ incident angle / of the laser beam to the incidence side 
edge side of each light guide plate ] may become equal, respectively, each light guide plate 6-1, 6-2, and 6-3 are 
******(ed) in what changed the refractive index so that angle of refraction might differ. 
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[0043] Although transmitted towards the optical-path modification element 9 side by this, respectively, carrying out 
total reflection of the inside of the narrow optical path to which the horizontal component was restricted by the 
thickness width of face of each light guide plate, as for the division laser beam by which incidence was carried out 
to each light guide plate 8-1 of the optical-path division element 8, 8-2, and 8-3 Since outgoing radiation of the 
division laser beam which the perpendicular direction component was transmitted receiving optical-path change 
perpendicularly by whenever [ corresponding to the refractive index of each light guide plate / angle-of-refraction ], 
and passed each light guide plate will be carried out in the condition of having distributed in height which is different 
to a perpendicular direction, respectively The refractive index of each light guide plate to install is beforehand set up 
so that this distribution may be lessened and the degree with which each division laser beam is perpendicular and 
which it does not overlap may be approached (for example, in drawing 3 , the refractive index of a light guide plate 
8-1 is the smallest, and the largest in the refractive index of a light guide plate 8-3). 

[0044] The optical-path modification element 9 each light guide plate of the optical-path division element 8, each 
light guide plate 9-1 by the same configuration, 9-2, and 9-3 If incidence of the division laser beam from which 
height differs to perpendicularly which it is used where [ level ] 90 degrees is transferred, and passed each light 
guide plate of the optical-path division element 8 is carried out to each light guide plate 9-1, 9-2, and 9-3, 
respectively Although the horizontal component of this division laser beam is transmitted receiving optical-path 
change horizontally by whenever [ corresponding to the refractive index of each light guide plate / angle-of- 
refraction ] In order to make easy condensing by the condensing element 5 prepared in the latter part of the 
optical-path modification element 9 The refractive index of each light guide plate is beforehand set up so that the 
division laser beam which passed each light guide plate may be horizontal in an outgoing radiation side edge side and 
may overlap (for example, in drawing 3 , the refractive index of a light guide plate 9-1 is the smallest, and the largest 
in the refractive index of a light guide plate 9-3). 

[0045] As opposed to the laser beam by which outgoing radiation was carried out with the 1-3rd operation gestarten 
described above from the luminescence side of the semiconductor laser 1 which is a source of laser luminescence 
After making parallel the perpendicular direction (direction of short hand) component of a beam with the collimation 
element 2 Where the horizontal direction (longitudinal direction) component of a beam is divided, incidence is carried 
out to the optical-path division elements 3, 6, and 8 equipped with two or more installed light guide plates. The 
degree which a perpendicular direction (direction of short hand) component does not overlap in respect of an 
outgoing radiation side edge is made to condense the division beam to which the inside of each light guide plate of 
&r, > -sir. - j y~ the 1 optica l^path division elements 3, 6, and 8 was made:to transmit. It changes into the conditioned having piled up 
v.':n 'ivii?uwithkthe.optical-path modification elements 4, 7, and 9 equipped with two or more light:guide:plates. whichi installed 
; i n .vT^rthe horizontal component of this division laser beam, and is made to condense with the condensing element v 
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EXAMPLE 



[Example] Although the semiconductor laser 1 1 which drawing 4 shows the equipment which embodied the 
amendment method of the beam by the 1st operation gestalt, and serves as a source of luminescence uses 20WCW 
semiconductor laser (form SDL-3470-S) of an SDL company, while the luminescence length of this semiconductor 
laser is 1 micrometer of perpendicular directions in 10mm of horizontal directions, the angle of divergence of 
luminescence considers as 50 degrees of perpendicular directions at 15 degrees of horizontal directions, and 
luminescence wavelength is 810nm. 

[0047] The laser beam which carried out outgoing radiation from semiconductor laser 1 1 If a gradient SHIRENDORI 
cull lens (Doric Lenses Inc. USA, and diameter of rod Immphi) is first used for the collimation means 12 to a 
perpendicular direction component and it collimates in parallel An angle of divergence becomes 0.4 degrees by 0.5m, 
and a vertical beam diameter uses two convex lenses with a focal distance of 60mm (outer-diameter 40mmphi) for a 
relay lens 13 after this, and it is made to serve as telecentric optical system. The collimated beam diameter 
(10mmx0.5mm) is expanded to twice as many 20m mx 1 mm as this, and the angle of divergence on an optical principle 
was made to become 1/2, i.e., 7.5 degreex0.2 degree. 

[0048] In addition, if a beam diameter is made to expand using said relay lens 13, since thickness of the thickness of 
the light guide plate per one board at the time of fixing the number of partitions (number of sheets of a light guide 
plate) of the optical-path division element 14 used for the latter part and the optical-path modification element 15 
can be carried out, although it is desirable for there to be an advantage to which manufacture including* processing 
of the flight gj'ide plate concerned becomes easy, therefore to use a relay lens 13 on manufacture, they are -not " * 
indispensable requirements theoretically. : ' ~ r, H' i; 

[0049] Next/ although the optical-path division element 14 which divides a horizontal component is arranged in the 
current beam position which expanded the incidence end face twice In order that it may be used where nine quartz 
plates with a thickness of 2.3mm are put on this optical-path modification element 14 by magnitude 50mmx50mm as 
a light guide plate, and each light guide plate 16-1 to 16-9 may change the incident angle to the light guide plate end 
face of an incident beam, respectively As shown by a diagram, where displacement is carried out to a flabellate form 
on a vertical plane, it was installing, but whenever [ displacement angle ] was set up so that an outgoing radiation 
beam might shift perpendicularly every 2.3mm, respectively. 

[0050] The reason for having set whenever [ displacement angle ] as 2.3mm the optical-path modification element 
15 which piles up the divided horizontal component If it is for making it the same configuration as the optical-path 
division element 14, and aiming at reduction of manufacture cost and thickness of each light guide plate of the 
optical-path division element 14 is set to 2mm Although what is necessary is just to have decided whenever 
[ displacement angle / of the optical-path modification element 14 ] that a gap is also set to 2mm, since incidence 
of the beam was not carried out independently unless it made thickness of each light guide plate of the optical-path 
modification element 15 larger than the path of the perpendicular direction component of each beam from the 
optical-path division element 14, it set up in consideration of the surplus size for it. 

[0051] Although coating of dielectric multilayers which carries out total reflection to the beam of 80 degrees or 
more of incident angles is performed to both sides of the optical-path division element 14 Coating of these 
dielectric multilayers is not for carrying out total reflection of the beam within a light guide plate. It is a cure for 
reflecting some beams which hit the light guide plate which adjoins after carrying out outgoing radiation from a light 
guide plate, and lessening transmission loss. Moreover, although the a nti reflection film is given to the both-ends side 
(close outgoing radiation side) of each light guide plate as a cure for lessening transmission loss, and it installed 
between each light guide plate further where the air space which is about 50 micrometers is prepared so that a 
beam might carry out total reflection within a light guide plate Each of these is the means for improving the engine 
performance or productivity, and is not involved in the essence of invention. 

[0052] Although the optical-path modification element 1 5 is for piling up each beam to a horizontal component, and 
the thing of the same configuration as the optical-path division element 14 is used here where 90-degree 
displacement of the side-by-side installation arrangement is carried out Unlike the case of the optical-path 
modification element 14, since vertical parallelism is very good If some losses are permitted, it is not necessary to 
necessarily carry out beam total reflection within a light guide plate. Therefore, it is also possible to install in the 
state of adhesion as it is without preparing an air space between each light guide plate or attaching a total reflection 
coat. Moreover, it is necessary to adjust the angle of a light guide plate, thickness, and the refractive index of each 
light guide plate although it is not necessary to also make a configuration the same as the optical-path division 
element 14, however so that the gap of each light guide plate may be made the same as the gap of a gap of the 
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beam by the optical-path division element 14, and it may see from a horizontal direction and a beam may lap. 
[0053] The diameter of outgoing radiation can consider by 2.3mm that the condition of a beam is the thing of 7.5 
degrees of angles of divergence seen from a horizontal direction according to the above amendment optical system. 
Moreover, since outgoing radiation of each beam will be carried out at the angle of 0.2 degrees from each light guide 
plate of the optical-path modification element 15 if it sees from a perpendicular direction Since it is inversely 
proportional to approximate value at the diameter of a spot which the diameter of outgoing radiation can consider to 
approximate value that is the beam of 0.2 degrees of angles of divergence by 20.7mm (2.3mmx9 light guide plate), 
namely, the product of the diameter of outgoing radiation and an angle of divergence can condense according to the 
optical principle The condensing nature of a horizontal beam will be improved about 10 times compared with the 
case where this amendment optical system is not used. 

[0054] Although cylindrical convex lens 16a and aspheric lens 16b are arranged in the latter part of the optical-path 
modification element 15 as a condensing element 16 and it is made to condense A focal distance makes cylindrical- 
lens 16a the magnitude of 30x30mm by 200mm. A focal distance lens 16b as 50mm (the numerical aperture at the 
time of condensing being horizontal about 0.29, about 0.24) Especially cylindrical convex lens 16a is used in order to 
make the minimum spot location of a horizontal and perpendicular both directions in agreement on an optical axis. 
[0055] The path of the beam spot in the minimum spot location which condensed with the condensing element 16 
was set to SOOmicrometeKlevel) x400micrometer (perpendicular) by the result measured using the beam profiler, it 
could condense to the beam spot suitable for the excitation light of solid state laser, and ** of the permeability of 
these optical system was also very as good as 88%. 

[0056] Moreover, although the solid state laser shown by drawing 5 by making into the excitation light source 17 the 
semiconductor laser which used said amendment optical system was manufactured This solid state laser uses 
Nd:YV04 (the concentration of Nd is 1% of thing at the configuration of 3x3x1 mm) as a laser medium 18. While 
performing coating which carries out total reflection to a field (condenser lens side) to the wavelength of 1064nm on 
the other hand and which is penetrated about 100% to the wavelength of 810nm Antireflection coating to the 
wavelength of 1064nm is carried out to an another side side. It is made for the beam spot to make a 500micrometer 
(level) x400micrometer (perpendicular) laser beam condense [ wavelength / which was obtained by the 
aforementioned condensing method in the laser medium 18 ] as an excitation light 19 by 810nm. While using a 
concave mirror with a curvature of 1m for the output mirror 20 at 95% (5% of permeability) of reflection factors, the 
cavity length between the laser medium 1 8 and the output mirror 20 is set as 1 50mm. 

[0057] In this solid state laser; when incidence power (excitation power) of the excitation light 19 to the laser • - 
medium 18 is set to 1 5W Output power with a wavelength of 1064mm which is the oscillation light 21 by which f : 
outgoing radiation was carried out through the output mirror 20 is 6W. Therefore, even if 40% and high conversion r,:: 
efficiency are acquired and compare with the end-face excitation method using the optical-fiber bunch of the above 
mentioned conventional . technology as optical conversion efficiency, are so much equal. ** of the optical-path 
division element and optical-path modification element which installed the light guide plate of a glass plate in cost is 
also far cheap compared with an optical-fiber bunch. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] A plan shows (a) and (b) shows the basic configuration by the 1 st operation gestalt which applied the 

amendment method of the laser beam of this invention, and equipment with front view, respectively. 

[Drawing 2] A plan shows (a) and (b) shows the basic configuration by the 2nd operation gestalt which applied the 

amendment method of the laser beam of this invention, and equipment with front view, respectively. 

[Drawing 3] A plan shows (a) and (b) shows the basic configuration by the 3rd operation gestalt which applied the 

amendment method of the laser beam of this invention, and equipment with front view, respectively. 

[Drawing 4] The 1st operation gestalt which applied the amendment method of the laser beam of this invention and 

equipment is made more concrete, a plan shows (a) and front view shows (b), respectively. 

[Drawing 5] It is explanatory drawing of the solid state laser which made the equipment of drawing 4 the excitation 
light source. 

[Description of Notations] 
111 Semiconductor laser 
2 12 Collimation element 

3, 6, 8, 14 Optical-path division element 

4, 7, 9, 15 Optical-path modification element 
5 16 Condensing element 

1 3 Relay Lens 

17 Excitation Light Source 

1 8 Laser Medium 

19 Excitation Light 

20 Output Mirror 

21 Oscillation Light 



[Translation done.] 
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(54) [&m<D&m u-*f tr— a (Dmttmmmm 



(57) [«P»«*C0|5H] 

(Omttfo o/ce-A (Dig 2 ^Jfij SE» 3: a SWf iC 
**#«rt*fi^3 ^#S(lfc:'-A£Jg2;fr 



«tc, s»atr-A*»2*rfii^wffi»I'r^(4$i±/ctK 



L tcm&m 3 (rC IBtg O tc U - If f - A OffljE^go 
fctf|3j3B 4 KiBtB L,tcl — If fcf— A<DffiIE£iS, 

^*«*^KL^i»^4(CgB*b/cU-lft-AO 
CCfBtt U U — tf fcT - ARMIES*. 

m-e tr- /*(om9rm&m'Xm%: & & *> kub*?*^*. tc 

&mitfa & *S 0 /cl »5J9H 4 CC IBiS L /c u — tf tr - A © 

& 9 CciBK L/cU— If tr— A<DSiE^go 
[«5*t3l 1 1 ] iWiB^^Srat^tett, #»56«0* 
IMlt u — tf tr- a *±JxM 2 i±r ^fd t' - a <d^m 

<*JK£ n - 7" w > y L /ciS*^ 3 -lKDMn^tClBtg u 

u -if tr - a oMiEaai. 
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[00 0 1 ] 

»cc*»»u— tf 

J:^CCffljET*u-1f e-AiOffljE^ffiR^StiBCCKI-r 
&fe<Dr£>9, m«^»u-ifffl«aS(*u--!f<?)ia 
gi»^iuri^i^ 4 w*nu-*fflni; 

10 

[0002] 

C<D@CDU-1fe-A«, 
B&c > r— flS tc^Tfe^^^-e^ois^Jgo bf - a ct t & & 

— tf<Du-if t'-A^sisa^i urH*u-if«:jas*r 
sw^cctt. Hftu— tf©«i»aaffi^6A«T*u-if 

br-A^i««KrfioHf*u-if<^»«i*Li^- 
0, ^CD/cd6CC«U-ift^--A^:lx-lf^rt^:^r^ 

[0003] u^Lft3^6. mz&&»<D&%m*&& 

L/c U -If #4 * - F <£ i^«ti l> ^1f 

— :mc^< (m«10-2 0WfflM* 
a»»U-1fr««*S*si 0mm) T\ f6W3ftSJBti;.X« 

^.««*fi3^1 am) (D-C, ^®^6ta*f$n^u- 

30 b'-A^r^TMCD^-AX^^ h CC^$i±^>^^C«. 

[0 004] ^fc. «T©WWC«WsB*«(tU— tfCD 

40 ^^o/c^2^^il[ffi<hb/ctfc^-CfiM-r^i# 
mm(Db'-Al:lmm0«TC S3feT Z>Ct « mFf BCDS 

*\ b'-AX^-> h^R^^^<!:^tU^t:'-A^ 

[0005] ariB«jH*»«-r s*s<z>— or, 

^.tf 1*68^5 - 9 3 8 2 8#S«ft£CcBB7n3<vCt»& 

so "C«*w*u— tf^ffi^&^^^ffb-r^^ 



C3) 

5 

[0 00 6 ] H(ria»ffiHKa^ffiK:cfc^ai*'r«, 

KSl 0mm (J£*SQA1 5* ) xum (JC&Q 

i±r^fflT€xh. 6 0 0/imi© A »e>^Oft2 3 
° = («NA=0. 2) -CU-lf b*-A*5ffi«$ 

[0 00 7 ] S^tC. W*.fcrtttfj2 0W(D*^<*U-tf 
(*18 0 8 n m) 2m*ffimitm± U fuIBffiffiJ^ia 

Office j: s***«*/*lt«h««i 064nm©u 

— tfJ8#Nd : YV0 4 *ffl(r^H»U-1f«:jB*t-rS 

[0008] *z»#u-if<Dai*i4^Bc#-r^ffe 

K»«* Ota — if fflWoWJffl^ 6 A^M $ -e-cHfi&r 
If ^m^cCD^^CDa^^ 4> P -If tr- A #RiR $ n 
3KIWW»WiB < > — »cc 2 0 %SKo*a«Bai 

[0 00 9] 

fc*-A**>;> h^/J^RB^ct^ct^rts 40 

<d-c\ c<Du-ife-A^m«H»u-iffliiae36iB 

^<©SfflMWIM>l(i:l, m^2 0 W^^XCT) 
!ffflfi*®tCOCiri8ff3X h<DJt«*T* 

X h#ft2«CC«fflrr*. 

[0010] £tc. '&&<Dmft(£toVZ&m?rj:t>*>* 



«HF3 0 9 8 2 0 0 
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[001 1 ] -ecr*«wc». m u -if *> 
ffi«*r # & 5 cc«# l/c 1 — if tr- AcotiiE^ffiRtf 

[0012] 

MZtitcl'— tf fc'-AfctfU ^TfcMO^^r^CfSo 

-ao» 1 j3fo&ft*&mutcvmx&m3cmf*i*:fcm 
(29 2 *rti^a«©»*«*afe» u/c^s^M^^-tc a 

fdt'-A^mTfcir^cfc sec 0fc o 

[0013] STIBU— ?ftr-A©ffliE*ffiCC4BC»T. Wi 

[0014] #f£BJ3fc:j;& u-if tr- AOtffiiESBHT? 

fct>\tim2tl&l>- If fc?-ACC#tU »*M<DS**IpJ 
CC»o/c*2^TfniRS»*««WfCC3 »jy-htSaU 

^*dtr-A©»i*ra^cwfcB«:^iE$i±ra 

[0015] *ftf-A<DlWiE^SltC*5C^T, «J 
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[0016] m^m^mm^t^m^m.m^(D^>u< 

JEfcSfc £ <fc 5 CC^fSftS-C^ia 5 i±T S»36«^*K 

OSS*fi«82*fil(!:«ftSI±«:*Jl^, 

s&itf^o 10 

[0018] IgCCfulB^^ifl^^cb^^lE^T'CD^ 

*<D&mytmzm 1 Jt&it mf-t^m^^^x. am 
[0019] mrieu-tf tr-AcoffliE^^^^ss 

[002 0] S«2#^»*^£#B*M*^<fc 

^tcmf£<oi><D&mfr&ttx&m?zmmi>$>2> a 

[002 1 ] 

/ch* u - if fflffle*i®«:awB o tmmummm&cm 

[ 0 0 2 2 ] H 1 t\ 01 <D%ttfl£ttK: J: Z>ffiiEJi&J& 
eFKiro&ttftft*. ( a ) tt^ISt ( b ) telEffiS 50 



4£fF3 0 9 8 2 0 0 
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-c-e-n-en^-r a*, c com 1 ©nis^sscc w^ni* u - 

If 1 aM-HS^i, ^Ht^Si, 

^&*¥»ttu-if 1 tt. «*ffi<ofi^rfii*7k**rPi 

[0 0 2 3 ] ^zg#U— tf 1 OCtt. ?»©^t-KU 

mu. c<om) M-vff&-2tt%Lmw\s— if l^ettjs* 

*ffi<DS**I"J ^ 6 JK*5 15 £ j$ o r a» 3 ft ft: U - if tr 

[0024] 3tB»W**3 tt, ifc^tf^X^&lj^ 

fr£^0flE3ftfc«»# (ilTtt3ft) (D^tfrSrO 
/cl*ffi3 - 1 . 3 - 2 . 3-3 ^SfeWKCCiga O/c 4> 

©t'&o, Sie^^^^y^ — h$ft/cu--iftr-- 

*#oTtH»*<*ftfcU--- tf tr-A*#i»56«3- 1. 3 
-2. 3-3K:««(L/ytttJ»"CAS*3-i±, -S3»*«tcJ: 
r>r^3ft/c3lMrt*»WU-1fe-A*5*l»J8* 

^4fflj^wr^ft-efte^$fte<fc^ocLrc^o, 

[0 02 5 ] ^K^SBJW-Stt* tf e-AOUHJE^ 

3-1. 3-2, 3 -3«r*^j6TlnlK:»-p'r*»0. 
0«a»*«Cr>A«ffl«ffitC»-r* U — tf fcT- A(OAH^ 

K^-5-ft-eftSJte^ J: ^cc^iBffiiccfcCi-c^tttcia 

iijrr * u - tf - a #&r«wb-c:£k»-*- -5 <£ 

fc£fc«fc&K»Hi*tfcu H«:Sz»*««u-iffcr-A 
OAS*fflJS®^CXttiS*fflllS8ffi^-eft-eftWS Lt jss*es 

[0 0 2 6] fi^^T, 3fe8S^S(l*^3<D#2S*«3 - 
1. 3-2. 3 -3CCAS^$ft/c^f!lU-1f fcT-A«. 

rt^R«btt^6*B^M«^4WJCC^^r^ft-€ t ft 

§d u - if t* - a temmiifa it*t u r ^ ft^ ft o tern 
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[0 02 7] 3fcSS^S!l*^3<DS-^«3 - 1. 3- 
tk) <D^t« J SrL/cz»*«4- 1 . 4-2. 4 - 3 

-r^<^K^fSj^$i^-r^,^^4 - 1 . 4-2, 4 

[0 02 8] g£-?T . 3 
3~1, 3-2, 3-3^3ii&Lfc#S0U-tffcf-A 
tt, *§S^M^^4 4 - 1 . 4 - 2 . 

ifi. 3^^MSR^4(Df^CCta^^ai36«T-5tcj:^* 
[0 02 9 ]^ t6K^M*^4©S**«F*9«:*5^-S 

Sii[*rfijflc»oj£^oft«Httcc/h$< (<o. 5° ) 

[003 0] *8S^M*-? : 4(C)«-a»36S*3iaO/cU-- 

X5ailKlU>X5b?:Wl/, V j > K 'j^7JH/> 
X5 ar*^Jg*^4^6©a»**—M 5 Rf«:U3fc 

me^u> K'j*7ji/u>x5 aKiot-rn^c 
[0031] «ria*3fe*-T-5(c*f-rs*^fijfiS»on 

ifijfiS^cc*tur». m$k(Dfrmi'-v t ir-AawaB^fii 



C5) ^43098200 
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5 r »7fc 0 £ £ ©Sit^l$J©**tttt^5l>«^to 
[0 0 3 2 ] fflZ&mW&l'—V' \<D$mffitt\ Omro 

x i wm (id sa:*ifiiJ5S»cc*tT 

[00 3 3 ] C*v&. .3KBA«IX J ?-3K^5li»aeKX : f- 

«a»*«4-l. 4 - 3*>6aj#*Ofc#IdU~1f fc'-A 
*««*«4-2©»«lU-1ft-AiMe:0. 
5WJ^e>^/c*^rn]©fcf-AS«2»3feffi4 -2<Di®<fc 

20 <OlHcr>ftl/3 6C3tcS<D-C. ***^5 fC«fc r>T U-lf 
h(D*^I^©tr-Affi*SW<D»l/3fc** 

[0034] £/c. 3fe^ai^3(D^9*«^6a» 

$nfciaaK:=ay^--hu/cSoft3figFi^*^ 

**^*«»& *>nr 4> siwwccPpIm <t ft e> ft i > 0 
[0035] VL±j,cmR otcm i oymtmmv\x. 

*>1*S*ISaM* : F-4*ffll\ COllllRoyHSXBR 
^3, 4 ttAStft^SfeS <fc 5 «cltt{Cf 6 Lfctt«r 

40 M^^-0^7^S^CO^-AAM^^:^U< 

(a) ti^ffi^-c (b) iJiESsr-en^^u, 
£<Dwmmm-eizm 1 ^n^^co^ct [h]^^^ 

zttZxtmc ^^a*^3ccKt>€>*K^a«-^6 

36Kaig3R : f-4ec«t>-5*BXJg* J F-7 «b^fl^$ 
50 [003 7] *B»«*^6«. ^i[^tcMaE-r^^ 



f 
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?f m$mvt<Dmm$L < ^ 2 r« 3 *o ©mm 6 - 

1. 6-2. 6-3£. AH«MO*ailtilffiI^i 

ratsu Ji.^^*«coA«(iPJiafficc*f'r-5u-iftr 

M3fe«6-1, 6-2, 6-3©fi$££;tTH»«ffl 

[0 03 8] cntc^D. 3tK&*fX^6 0&3ftHK6 
-1, 6-2. 6 - 3CcA»$ti/c»«U— tffc^-A 

fc^fd u — t* — a ttsa^risj cc*f l r ^ n-en^ o 

[0 03 9] #»geM*^7 « % #K*WW*T6 <D&M 

wmmmvt<D&mftm7 -1.7-2, 1 - 3 a 

AWWJSffitc^rs u-lf t^-AOAWftffi^ti^ti 

mo < ft a <*: 5 ecA«*Wffi^lEWKttec-r * ±*c, 
awtsse^jiHycaft & £ 5 cc»»:*« 7 - 1 , 7 - 2 . 
7 - 3©ftS*«*ru»«j«ffl^i»»R«:ft&tWBr 

[0 04 0] Ctitcj;0, TtSSdSBR-T-B©*^**^ 
iliftLr*HMJOR^7©«a»*«7-l. 7-2. 7 
-3K^*i^nAM3n/c^U-1f t'-A&i. 

ft^6Cai3n^. *»S!M* J F-7 0f*««:Ba:w/fcai 

a u /c^id u - if tr - A^ttiWfflM tc*5 1 > r 7k¥:£fa 

[004 1] KCC, H4-c«*K^9liR-7-2ia f *I^J? 

u , » 1 ousuba t mmcm& 3 i± £gr 3 o^tegjR 

( a ) ^®S"C < b ) teJLmmx^ti 
#913^8 3B8KBRT-4CCffeb&*l»aM3R J F-9 

ttfi&mztiztfi. *ar**s«tu— if 1 <t> 



(6) 1$Sf3 0 98 20 0 
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[0 04 2 ] TfcS&^ffJS^SW:, II^{CjKT5S 
©S»*«8- 1 . 8 - 2 . 8 - 3 A^fl|fJ^M^C>* 

ffi»*9Jfflffi^saffi±ccfcc»rA»»J^6mrfflifttt«: 

10 1. 6-2. B-3ttffl»fl#»ttS*9CCJH»*«e 

[0 04 3 ] CtUtcfcD. *K^«l*^8(OS»*«8 
-1. 8-2. 8 - 3CCA«Stl/c»«U— tft'-A 

tt. H3^ttz956«8-l(D®Jf**s*fe/h$<r. » 

[0044] ytm^wm^ 9 «. ^^hhir^s <D&m 

^iH«0>«flS«Cj:*«»*«0- 1. 9-2. 9- 

3£, 9 0° C93«^^miR-cttffir&6a>-r« 
0, ^K^aiR^scDsw^s^aaL^sia^cciB 

S©S44»«I/- If 9-- 1. 9- 

30 2. 9 - 3K^n^*lAJ*3n&£. CO^WdU-lf b* 

sa^T^/c^cc. gas^ffi^aau/c^siiu-iftr- 

«fc5«:. ft«jKfiCDJB>r*^a£>aS£ (Mil IX. i3t 
«^*«9 - 1 ©®Jf**««fe/jN$ < r. aS*«9 - 3 

[0045] iU±CC^-</c^ 1 - 3 CDS£fe^T?«, U 
40 -1f«*jHT*S**(*U-1f 1 ©^W^ttHt^tl 
3ffcU— tf tT— ACC?tL. S-T- 2 ~C — A<OS 

&<Dmytfe*ffiz-tcyc$&frmm*3. 6. 8^b'-A(D 
7^s^fds^3, 6. 8<os«*srt*ea3-efc»sM 

fflOf4, 7, 9-c*<a^to-&/ctt»«curHi**iF 
50 5-c*363-ert»*. 
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[0 04 6] 

[ HJfctS ] H4tt. mi<om&J&1Rlc£2>t*-J»<DmJE 

If 1 1 ttS DL*±(D2 0WCW#»»l/-1f (iSDL 
-3 47 0- S) tfflt»tM*J, C<D*»f*U— tftt 
^fcjfcfirt**?^!") 1 OmmrailL^rpIl m mT^)^><!:±t 

il, ^*?feg«8 1 Onm-C&&. . 
[0 0 4 7 } 3£zH#U-1f i l^jSfflWUcI/- 1ft*- 

K U U >X (Doric Lenses Inc 
*±, USA, n -I KS 1 mm<*>) ^'Jy- h^fgl 2 

*«0. 5mri£*J0fttt0. 4° tttO, COAiiiS 
»6 0mm («40mm</)) CDrI!iU>X2{@£: y U 

0. 5mm) !:2fg02OmmxlmmK:fi;^:l, 

mm±-c<Diz&*)n%: i/2nv*>i. 5° xo. 2 0 *c 

[0 04 8] frte, Sutay I — U>X1 3^^tt'- 

[0 04 9]^CCC A««ffi*2fSCcifc^U^^-Att 

5 0 mm x 5 0 mmtI3 2. 3 mm^7'U- h 
9ftS;tefct^r{£ffl£n, 16-1-16- 
9«AS4^-A©2B*«8ffi^<Z>A**fl^-eti^n^it 

txm-e&wtux \>z>&. sffifls«as*fcr-A*ssfli[5j 

I^3^c-en^n2. 3mmfofn^J:^ratU/c 8 
[0 05 0]^fiM^2. 3mm^l/clttJ 4 

*B^«BR^-1 4<bPID?K<*CCLrS?f^=2X hcDig 

©f^2mmtt^i 1 "Til & 2 mmCC& -5 J: 5 Kl* 
KXJgfltTl 4<7«ftfta«fc2frft«m>a«. 

tr-A©SiS^rr6iflE»(DSJ:5^c*< Lttt><ktr-A# 
[0051] xikmnbr? 1 4 ©njcii, as*a 8 0 
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4 >^«^*grtr(Db'-A^^Jg^T^/c^<D^<D-C 

eaai**d>«c< r*fc»<o««i ursHE»jm«ik 
ir^^ HCc«»3fe«©pa«:tt29*srt-ctr--A*i^ 
JKSlT£cfc 5 5 OMmffi«fflMI*Rtffc(iBitM 

10 [0 05 2 ] iCBBEH*^ 1 5 tt***lfilfiR»Cc»ur 

B«^-? L i4iHDiiia<o*>co*afcBaa«*9 0" ^ 

tpiDtcr^sfetti^. fso^:M&«<Diifli«tt#iS 
20 #9131-^1 4tc<fc^fcr-A<Dma>raHi<bi^t;ccL/, a 

[0 05 3 ] a±©*KE3ftWR«:J:or fcf-A<Dtf»tt 
■.*^fiJ^6**<ttH»4S*S2. 3mmrjA^i3i7,' * 
5° (Dfe©<b*fetci^r*. SAiSiK^r^6A'S 
t&fcT-Afcfcfc&g^MfR-?-! 5 <D^»*«<fc ^0:,^2 • • 

mm (2. 3mmx 9^*tS) -COW 9 A 0. 2' (DtT 

W-r^czre. *^*r^ot-A©a^tt«c(D«iE*^ 

[0 054] 3HB3EHR-7- 1 5 <0f*SCctt. 36**^- 1 
6 <b lt>"J> K , ;*WU>X1 6 ai«!U>X 

1 6 b£IEgOTj|l*3l*Tlr>£as, UV> IF V *3>kl> 
>X 1 6 a W^JB«*S2 0 0 mm"CA# $30X30 
mm±U U>Xl6bttE^»* s 5 0mm (1(1*8$ 

©HP»tt*?:frfflrtto. 2 9, ffia^fa-cjKjo. 2 

40 4) ilt, »«C2/ U > K y ^;l/fll/>X 1 6 a 13*? 

[0055] mitm* i 6 vmytutcwi^tf-j bittm 

ctteW&e-Axtf:* KDStt, tr-A^*a^T^^- 
«rfflC^»ffil/fc3e*'C«5 0 0 jum <*?) x 4 0 0 
wm (Sii[> <b&D. @i*U-1fCDJSi|a*k:^L/cb:'- 

[0056] ^/c, m%EffiiEjfc¥mz:&mutcmm»i> 

50 -If *@Ji£fl*2§l 1 7 i Ori85r^T@(*U-1f£»lfE 
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YVO« (3 x 3 x l rom<DJ£R-CN d CDr£gtt 1 %<D 

6 4 nmtettt,T:£JSi*0Jao?fcg8 1 0 n m&t*tOT 
ttl 0 0%&<m&?2>^-7- 4 >^ff ^i^^C, fife 
^ffiicttiftSl 0 6 4 nm^-r-2)SWK6±33— > 

y^rtTi^ u-ifssat i 8rt«:arBB©ai**ffi"c»6ti 

fcttft30 8 1 0 nmrt-A^^-; h ^5 0 0 Mm (tK 
x 4 0 0 a m (mm.) ©U-f fc'-A£fij£a5fc 1 9 
iltI*?t^J:^U 4 OtcttJSS** 10 

9 5% (i§j®^5%) Tffl^l m<DllflM^^:^3-r^i 
StC, U—tfJKKl 8 <tfcH*P5 ^-2 ORtKDftgSg* 
1 5 0mm&C|£^0fc&<D-C£>£ o 

[0 0 5 7 ] CtDBttU— IfTtt, U-1f«Rl 8CC*f 
-?2>m&3£l 9®AW^7- (AiB'<7-) £1 5W<b 

1 0 6 4mmOtil^ r 7HJ6Wr^0, 

[0 05 8 ] 

H# u - if fflo^aw*: u - if ae*aRK: 

[0 05 9 ] £fc v -e<DSfi£tC«^r -f '<-jR*JBt,5i 

seoisfljxfctffctK i s $ xws mmc was. o r * 40 
*«cj:^r3KfliccSi«'r*ci3W-c**. 

[006 0]^ Tfe^fd^^^O'^S^MS^-CD^ 
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[ 0 0 6 1 ] X. ^BdWR^atfitKKJE*^©** 
«*»2©3ai»«l<OJ:^«:«i5Srs < t. P^ttftcofco 

[ 0 0 6 2 ] HCC, *^«*-T-aof*KaK*-fO» 

[El l ] *^9B©u-tf tr-AOffliE^ffiRc^a** 
ffl b/cSI 1 <D|gj»&«tc<fc ( a ) ItW-m 

mx < b ) izjEwmx^ti^rifjk-r. 
[B2] *^(Du-iffcr-A<DffljE^ssc>*ss*3ai 

ffll/c92©||]|»i:M«^, (a) 
ETC (b) tiiEMS-C-en-eti^To 

CH3] **^ou-tft-A(oaiE*ffisa^iB*ia 

VCasX WTHBH-C (b).«jEffiHr-eti-eti^-r Q • 
[B5J H4O*S*iae*«<fcb/cH(*u--tf(0»98 

[^CD^HJ] 

1.11 ¥>9f*L — ■ ?f 

2, 12 ny^-hSR^- 

3 . 6 , 8 , i4 yt&atm* 

4 . 7 . 9 . 15 *B8ER^ 

5 , 16 »1£3R^ 
1 3 U U— U>X 

i 7 mmxsm 

1 8 u — !f|KK 

1 9 mrnut 

20 tH*>7- 

2 1 ^fii7£ 



